„.,UK Patent Application ^^iGB „i, 2 023 797 A 



(21) Application No 7920872 

(22) Data of filing 
15 Jun 1979 

(23) aaims fUed 

15 June 1979 

(30) Priority data 

(31) 916388 

(32) 16 Jun 1978 

(33) Unhad States of America 
(US) 

(43) Application published 
3 Jan 1980 

(51) INT CL> F02B 29/04 

(52) Domestk: classificat i on 
F4S 14 
F4U24A1 

(56) Documents cited 
GB 1167264 
GB 1033181 
GB 987429 
GB 859708 
GB 806577 
GB 688246 
GB 688245 
GB 688191 



(58) Reld of search 
F4S 

(71) Applicant 

The Garrett Corporation 
9851-9951 Sepuhreda 
Boulevard 
PO Box 92248 
Los Angeles 
California 90009 
United States of 
America 

(72) Inventors 

James C EastWFOod 
Robert C Emmeriing 
(74) Agents 

Kiibum & Strode 

(54) Charge air cooling systems 

(57) A charge air cooler 44 for a 
turbocharged engine 1 2 conr^prises 
a first heat exchanger 46 which 
transfers heat from the charge air 
(in line 32) to the engine cooling 
water (in conduits 50, 52), and a 



second heat exchanger 48 which 
transfers heat from the charge air to 
ambient air. 
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SPECIFICATION 

Charge air cooling system 

5 This invention relates to charge air cooling 
systems. It is particularly applicable to sys- 
tems for cooling compressed charge air sup- 
plied to engines. 
The object of charge air cooling is to in- 

1 0 crease the density of the charge air supplied 
to the engine, so that the engine can develop 
increased power. Charge air cooling also re- 
duces the overall heat load on the engine. 
Normally, charge air cooling is adopted where 

1 5 some form of pressure-charging is used, such 
as turbo-charging or supercharging, since the 
charge air will be heated by its adiabatic 
compression. 
Thus, according to one aspect of the inven- 

20 tion, a charge air cooling system for fuel- 
buming apparatus comprises a first air-to- 
liquid heat exchanger arranged to cool charge 
air flowing along a charge air path, and a 
second air-to-gaseous coolant heat exchanger 

25 connected to receive cooled charge air from 
the air-to-liquid heat exchanger and to cool 
such charge air further. 

With such a system, the air-to-gaseous cool- 
ant heat exchanger does not have to handle 

30 the whole of the heat to be removed from the 
charge air, and therefore it can be of a 
relatively small size. The air-to-liquid heat ex- 
changer handles the remainder of the heat 
load; because such a heat exchanger is, in 

35 general, smaller than an air-to-gas heat ex- 
changer of the same capacity, it will be appre- 
ciated that the whole charge air cooling sys- 
tem may be made smaller than if the whole of 
the cooling were performed by an air-to-gas 

40 heat exchanger. At the same time, the temper- 
ature to which the charge air can be cooled 
will not be limited to the lowest temperature 
at which a liquid coolant is available, since 
the heat transfer to a liquid coolant in the first 

45 heat exchanger is followed by heat transfer to 
a gaseous coolant in the second heat ex- 
changer. In a typical application, the liquid 
coolant will be engine cooling water while the 
gaseous coolant will be ambient air; it will be 

50 appreciated that the former will usually be at 
a considerably higher temperature than the 
latter. Thus, the invention should allow charge 
air to be cooled to a temperature not far 
above ambient, without the need for a 

55 particularly large heat exchanger, and without 
the use of any kind of refrigerating system. 

It will be appreciated that a large heat 
exchanger is particularly inconvenient in a 
vehicle application. 

60 The invention also provides, according to a 
second aspect, a pressure-charging system for 
an engine, which system comprises a charge 
air compressor connected to supply com- 
pressed charge air to a charge air cooling 

65 system according to the first aspect. 



The invention al^ provides, according to a 
third aspect, an engine installation comprising 
an engine, and a pressure-charging system 
according to the second aspect, connected to 
70 supply cooled, compressed charge air to the 
engine. 

The invention may be carried into practice 
in various ways, and one specific embodiment 
will now be described by way of example, 
75 with reference to the accompanying drawings, 
of which: — 

Figure 7 is a schematic diagram of a turbo- 
charged engine installation using the inven- 
tion; and 

80 ' Figure 2 is a perspective view of part of the 
installation of Fig. 1 . 

The engine installation (referenced 1 0 in 
Fig. 1) comprises an engine 12, illustrated in 
Fig. 2 as an in-line engine, a radiator 36, a 
85 turbocharger 22, and a charge air cooler 44. 
The turbocharger 22 includes a turbine 20 
which is driven by exhaust gases received 
from an exhaust manifold 16 of the engine 
through an exhaust line 1 8; the exhaust gases 
90 leaving the turbine 20 pass to atmosphere 
through a line 24. The turbine 20 is mounted 
on a shaft 28 which also carries a compressor 
26; the compressor 26 draws in air from the 
atmosphere through an air filter 31 and an 
95 intake line 30, and delivers compressed air 
through a line 32, which leads, through the 
charge air cooler 44, to an inlet manifold 14 
of the engine 1 2. Thus, the compressed air 
will be cooled before reaching the engine, 

100 thereby increasing the mass of air entering the 
engine cylinders and allowing the engine to 
develop increased power. 

The radiator 36 and the engine 1 2 are 
connected by conduits 38 and 40 to form a 

105 cooling circuit. In operation, liquid coolant 
(usually water, or water-based) is pumped 
from the radiator to the engine through the 
conduit 38 by an engine-driven pump 34. 
After absorbing heat in passing through cool- 

110 ing passages in the engine 1 2, the coolant 
returns through the conduit 40 to the radiator 
36, where heat is transferred from the coolant 
to atmospheric air. A cooling fan 42, which is 
illustrated as being driven by the engine 1 2, 

115 provides a flow of air over the radiator 36, to 
increase the cooling of the coolant. A flow^ 
regulating thermostatic valve 41 is provided 
in the conduit 40, to control the flow of 
coolant in dependence on its temperature. 

1 20 The charge air cooler 44 includes an air-to- 
air heat exchanger 48 which, as Fig. 2 shows, 
is mounted on top of and slightly to one side 
of the engine inlet manifold 1 4. The charge 
air cooler also Includes an air-tb-llquid heat 

1 25 exchanger 46 which is mounted on top of the 
heat exchanger 48 by means of bolts 64 (Fig. 
2). Compressed air from the line 32 is led into 
the top of the charge air cooler by an upper 
header 62, and flows downwards, first 

1 30 through the air-to-liquid heat exchanger 46 
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and i3t\en through the air-to-air heat exchanger 
48, and then reaches the Inlet manifold 1 4. 
The air-to-liquid heat exchanger serves to 
transfer heat from the compressed charge air 
5 to a liquid coolant which is led to and from- 
the heat exchanger by conduits 50 and 52. In 
this example, the conduits 50 and 52 are 
coupled, respectivety, to the delivery side of 
the pump 34, and to the inlet end of the 

10 radiator 36, so that the heat exchanger 46 is 
effectively in parallel with the engine 12. In 
fact, as Rg. 2 shows, the connection of the 
heat exchanger 46 in parallel with the engine 
can be accomplished by connecting the con- 

1 5 duits to appropriate points on the engine 1 2; 
Fig. 2 shows the conduit 50 connected to the 
cylinder block or cylinder head (collectively 
shown as 58 in Fig. 2) of the engine, and the 
conduit 52 connected to an inlet provided 
.20 beside the valve cover (shown at 60 in Fig. 
2). The conduit 52, like the conduit 40, may 
include a thermostatic valve 53 which con- 
trols the coolant flow in dependence on the 
coolant temperature. 

25 The air-to-air heat exchanger 48 serves to 
cool the compressed air further, by heat trans* 
fer to a flow of atmospheric air which is 
produced by a fan 54 driven by some kind of 
motor 56. In this example, as Fig. 2 shows, 

30 the motor is pneumatically driven by a flow of 
compressed air bled from the line 32 through 
a line 68. 

Other arrangements are possible. For exam- 
ple, the conduit 52 may direct the coolant 

35 leaving the heat exchanger 46 to the thermos- 
tatic vah/e 41 , so that the valve 53 can be 
eliminated. AHematively, the heat exchanger 
46 can be controlled in dependence on the 
temperature of the charge air arriving at the 

40 charge air cooler 44, or a thermostatically- 
controlled bypass may be provided between 
the conduits 50 and 52. It Is also possible for 
the two heat exchangers 46 and 48 to be 
physically separated from one another. This 

45 may be convenient, since other methods than 
those mentioned above may be used for cool* 
ing the radiator 36 and the heat exchanger 
48. For example, the heat exchanger could be 
cooled by the fan 42, or by a flow of air 

50 created by the movement of a vehicle prop- 
elled by the engine installation 1 0. The fans 
42 and 54, if used, can be hydraulically, 
pneumatically, electrically or mechanically 
driven. The form of the heat exchangers 46 

55 and 48 is not critical to the invention; possi* 
ble types are plate-fin and tube-fin heat ex- 
changers. 

It should also be understood that the inven- 
tion is not limited to the use of an exhaust- 
60 driven turbocharger; other forms of superchar- 
ger can also be used. 

CLAIMS 

1 . A charge air cooling system for fuel- 
65 buming apparatus comprising a first air-to- 



liquid heat exchanger arranged to cool charge 
air flowing along a charge air path, and a 
second air4o-gaseous coolant heat exchanger 
connected to receive cooled charge air from 

70 the air-to-liquid heat exchanger and to cool 
such charge air further. 

2. A system as claimed in Claim 1 in 
which the second heat «cchanger is an air-to- 
air heat exchanger. 

75 3. A system as claimed in Claim 2 In 
which the second heat exchanger Is arranged 
to transfer heat from the charge air to atmo- 
spheric air. 

4. A system as claimed in Claim 1 or 

80 Claim 2 or Claim 3 which also includes means 
arranged to circulate a liquid coolant through 
the first heat exchanger. 

5. A system as claimed in Claim 4 which 
also includes a thermostatic valve arrange- 

85 mem for controlling the rate of circulation of 
the liquid coolant through the first heat ex- 
changer. 

6. A system as claimed in any of the 
preceding Claims, which also includes a radla- 

90 tor coupled to the first heat exchanger, to 
form a circulating path for a liquid coolant. 

7. A system as claimed in any of the 
preceding Claims, which also includes means 
arranged to direct a flow of gaseous coolant 

95 through the second heat exchanger. 

8. A system as claimed in Claim 7 in 
which the said flow directing means is a fan. 

9. A system as claimed in any of the 
preceding Claims, in which the first and seo- 

100 ond heat exchangers are mounted one on the 
other, in such a way that charge air passes 
directly from the first to the second heat 
exchanger. 

10. A pressure-charging system for an en- 
105 gine, the system comprising a charge air 

compressor connected to supply compressed 
charge air to a charge air cooling system as 
claimed in any of the preceding Claims. 

11. An engine installation comprising an 
110 engine, and a pressur&charging system as 

claimed in Claim 10, connected to supply 
cooled, compressed charge air to the engine. 

1 2. An installation as claimed in Claim 1 1 
when appendant to Claim 6, in which the 

115 radiator is also coupled to cooling passages in 
the engine, to form a cooling system for the 
engine. 

1 3. An Installation as claimed in Claim 1 2 
when appendant to Claim 4, In which the 

1 20 liquid coolant circulating means circulates 
coolant from the radiator to both the first heat 
exchanger and the engine. 

14. A charge air cooling system for fuel- 
burning apparatus, the cooling system being 

125 substantially as herein described, with refer- 
ence to the accompanying drawings. 

1 5. An engine installation including a 
charge air cooling system as claimed in Claim 
14. 

1 30 1 6. A charge air cooling system compris- 
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ing a first heat exchanger having dual fluid 
flow paths for receiving a supply of charge air 
in heat exchange relation with a liquid cool- 
ant; a second heat exchanger having dual 

5 fluid flow paths for receiving the supply of 
charge air from said flrst heat exchanger in 
heat exchange relation with a gaseous cool- 
ant; and means for supplying the charge air 
serially to said flrst and second heat exchang- 

10 ers. 

17. A charge air cooling method compris- 
ing the steps of supplying charge air to a first 
heat exchanger having dual fluid flow paths in 
heat exchange relation with a liquid coolant; 

1 5 and supplying the charge air from said first 
heat exchanger to a second heat exchanger in 
heat exchange relation with a gaseous cool- 
ant. 

18. A charge air cooling method compris- 
20 ing the steps of supplying charge air through 

one flow path of a first heat exchanger having 
dual fluid flow paths; circulating a liquid cool- 
ant through the other flow path of said first 
heat exchanger in heat exchange relation wKh 
25 the charge air; and supplying the charge air 
from said first heat exchanger to a second 
heat exchanger in heat exchange relation with 
a gaseous coolant. 

19. A charge air cooling method compris- 
30 ing the steps of supplying charge air to a first 

heat exchanger, circulating a liquid coolant 
through said first heat exchanger in heat ex- 
change relation with the charge air; supplying 
the charge air from said first heat exchanger 
35 to a second heat exchanger; and supplying a 
flow of gaseous coolant to said second heat 
exchanger in heat exchange communication 
with the charge air. 

20. in an engine system including an en- 
40 gine, a radiator, means for circulating liquid 

coolant between the engine and the radiator, 
and means for supplying charge air to the 
engine, a charge air cooling method compris- 
ing the steps of supplying the charge air to an 

45 air-to-liquid heat exchanger; circulating the 
liquid coolant between the radiator and the 
air-to>liquid heat exchanger in heat exchange 
relation with the charge air; supplying the 
charge air from the air-to-liquid heat ex- 

50 changer to an air-to-air heat exchanger; sup- 
plying a flow of ambient air to the air-to-air 
heat exchanger in heat exchange relation with 
the charge air; and supplying the charge air 
from the air-to-air heat exchanger to the en- 

55 gine. 

21 . In an engine system including an erv 
gine, means for providing liquid coolant for 
cooling the engine, and means for supplying 
charge air to the engine, a method of cooling 

60 the charge air comprising the steps of passing 
the charge air in heat exchange relation with 
the liquid coolant to partially cool the charge 
air; and passing the partially cooled charge air 
in heat exchange relation with ambient air to 

65 further cool the charge air prior to supply to 



the engine. 
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